digital nerve function may result in trophic changes and hypersensibility. [5] Digital nerve injuries ideally should be repaired by end-to-end tension-free repair. [6] Various factors such as age, time from injury to repair, length of follow-up, type of repair, and type of injury such as clean-cut or crush may affect the nerve recovery. [5, [7] [8] [9] However, the effects of these prognostic factors on sensory nerve recovery reported in the literature are variable because of nonhomogeneous data, subjective tests, and different assessment/scoring methods such as moving or static two-point discrimination (s2PD) and/ or Semmes Weinstein monofilament (SWM) tests.
The aim of this study was to evaluate the success of digital nerve repair and the prognostic factors associated with sensory recovery of digital nerves.
Patients and methods
This retrospective study was approved by the institutional review board of our university.
One hundred thirty-nine digital nerve lacerations of 91 patients repaired between January 2009 and July 2013 were included. Exclusion criteria consisted of age <10 years, follow-up period <6 months, N. digitalis palmaris communis injuries, and nerves repaired with grafting or tubulization. After review of criteria, 96 digital nerve repairs of 63 patients were included in the study.
All nerves were repaired with end-to-end neurorraphy using epineurial fashion technique with 9/0 nylon sutures under the operating microscope and tourniquet control of localized bleeding. Concomitant tendon, bone, and vascular injuries were repaired simultaneously. After surgery, digits were immobilized with a splint for 3 weeks, depending on the presence of concomitant injuries. No specific rehabilitation and sensory re-education programs for digital nerves were prescribed.
Nerves which were repaired within 24 hours after the injury were designated as 'primary repair,' repairs performed between 24 hours and 14 days post-injury were designated as 'late-primary repair,' and repairs performed more than 14 days post-injury were designated as ' secondary repair.' s2PD and SWM tests were performed to evaluate the sensory recovery at final follow-up. The s2PD test was measured with a discriminator (Baseline® 2-point Discrim-A-Gon®, Fabrication Enterprises Inc., White Plains, NY, USA). Final evaluation of s2PD test results was categorized according to the Mackinnon classification. [10] SWM test was performed using the Baseline® tactile monofilament evaluator complete 5-piece set (Fabrication Enterprises Inc., White Plains, NY, USA).
Results were classified according to Imai. [11] Prognostic factors such as gender, age, involved digit, time from injury to repair, length of follow-up, smoking, concomitant injuries, and type of injury were evaluated, and the association between each predictor and sensory recovery results was assessed.
Data analyses were performed using SPSS software (version 15.0, SPSS Inc., Chicago, IL, USA). The association between each prognostic factor and sensory recovery test results were examined by using chi-square analysis. Statistical significance was accepted as p<0.05.
Results
Ninety-six nerves of 63 patients, with an average age of 36.4 years (range: 11-62 years) were included in the study. When the results of the s2PD test were evaluated according to Mackinnon classification, 91% of patients had excellent and good results (Table 1) . SWM test results showed that the results were normal in 31 nerves (32%) and anesthetic in 5 nerves (5%) ( Table 2) .
The association between prognostic factors and s2PD and SWM test results is given in Table 3 . In comparison of gender and sensory test results, no difference was found (p>0.05).
Association between age and the results of sensory nerve recovery tests was evaluated. The median cut-off value for age was determined as 37 years, with 51 patients (51/96, 53.1%) younger than 37 and 45 patients (45/96, 46.9%) older than 37. There was a significant relationship between the sensory recovery results of the s2PD: Static two-point discrimination; n: Number of patients. 5. Anesthetic 6.10 (100 g) 5 5 n: Number of patients.
s2PD test (p=0.014) and age, but no significant relationship between sensory recovery results of the SWM test (p=0.528) and age was found.
The left thumb was the most frequently injured nerve (19/96, 19.8%). There was no difference between the sensory recovery tests and involved digit (p>0.05).
Mean repair time was 11.7 days (range: 0-150 days). Sixty-three nerves (65.6%) underwent primary repair, 20 nerves (20.8%) late primary, and 13 nerves (13.6%) secondary. In comparison of mean time to repair and sensory recovery test results, no difference was found (p>0.05).
Length of follow-up was categorized into 3 periods: 6 months to 1 year (31/96, 32.3%), 1 to 2 years (28/96, 29.2%), and >2 years (37/96, 38.5%). Mean follow-up period was 21.4 months (range: 6-56 months). No significant difference was found between sensory recovery test results and length of follow-up period (p>0.05).
Sixty-seven patients (69.8%) were smokers and 29 (30.2%) nonsmokers. A difference was found between the sensory recovery results of the s2PD (p=0.003) and SWM tests (p=0.001) and smoking. In evaluation of concomitant injuries, isolated nerve injuries were noted in 25 patients (26%), nerve and tendon lacerations in 40 (41.7%), nerve and bone injuries in 6 (6.3%), nerve lacerations due to finger amputation that required replantation in 17 (17.7%), and nerve, tendon, and bone injuries in 8 (8.3%). There was a significant difference between the sensory recovery test results and the presence of concomitant injuries (p=0.03 for s2PD test, p=0.031 for SWM test).
The types of injury were categorized as clean-cut (glass, knife, etc.) or crush injury (saw, mechanical compression, explosion etc.). Fifty-two patients (54.2%) sustained clean-cut injury, and 44 patients (45.8%) sustained crush injury. There was no difference between the sensory recovery tests and type of injury (p>0.05).
Discussion
Digital nerves, which supply sensation to the pulp and sides of the finger, are the most frequently injured of all peripheral nerves. [1, 2, 12] If not repaired, hand function becomes impaired. Swanson reported that total loss of palmar innervation of digital nerves induces 50% loss of function of the hand. [13] He also stated that the level of loss of function varies according to the involved digit. For example, the loss of sensation of both digital nerves of the thumb equals 20% loss of function of the hand. [13] The effects of prognostic factors on sensory nerve recovery reported in the literature vary. In the present study, we found a relationship between sensory recovery results and age, smoking, and concomitant injuries as prognostic factors.
In the literature, better s2PD results have been reported in younger patients. [7, 8, [14] [15] [16] [17] However, Segalman et al. demonstrated that repair of digital nerve laceration in patients over the age of 60 can provide useful return of sensibility. [18] Wang reported better results in young patients and concluded that this phenomenon may occur because of the decreased amount of sensorial receptors in older people. [19] Kallio reported that 100% (33/33) of patients younger than 15 years of age achieved good results, while only 26% (15/57) of patients older than 40 did so. Kallio stated that better results in children have been associated with the adaptability of the central nervous system. [5] In our study, better sensory recovery results were linked with age younger than 37 years. We believe this relationship may be a result of decreasing regeneration capacity due to ageing.
The negative effects of smoking on healing are well known. [20] Smoking impairs the immune system and negatively affects wound healing by altering the normal healing process. [21] Al-Ghazal [22] and Rinker [23] reported that smoking has a negative effect on digital nerve healing. In this study, we found that the sensory recovery results of smokers were worse than those of nonsmokers. We believe that microangiopathy due to smoking may prevent migration of progenitor cells, which is essential to the healing process.
In most cases, digital nerve lacerations are accompanied by tendon, bone, and vascular injuries. Berger et al. [24] reported that concomitant injuries have no effect on nerve recovery. Efstathopoulos et al. [7] and al-Ghazal et al. [22] did not find any significant relationship between nerve recovery and the presence of associated injuries. Tadjalli et al. found that simpler injuries were associated with better results. [25] We found a correlation between concomitant injuries and sensory nerve recovery. We believe that more severe injuries, including bone injuries, are associated with worse results. Nerve lacerations accompanied by bone injuries are often associated with high-energy traumas, which induce greater tissue damage. This situation is related with adverse sensory nerve recovery. Factors that lead to increased fibrosis in the vicinity of a nerve repair, such as the number of involved structures, are also contributors to an adverse outcome. Vascular injuries may also impair the blood supply to the granulation tissue. Slutsky stated that ischemia was the limiting factor in acute nerve repairs. [26] In a recent study, Fakin et al. [27] found no correlation between the sensory outcome and age, smoking, mechanism of injury, lesion to or anastomosis of a digital artery, and time of immobilization. They declared that the only predictor of the result was the surgeon' s level of experience. Even though the surgeon' s level of experience was not included in our study, we think that it may be one of the most important prognostic factors.
Another factor which may affect the sensory recovery of digital nerve repair is the surgical instrument used. Digital nerve injuries can be repaired either under operating microscope or loupe magnification. Although Thomas et al. [28] obtained similar outcomes after digital nerve repair with loupe and operating microscope magnification, we believe that operating microscope provides better visualization and clearer repair.
The weak aspects of this study are that it is retrospective and the digital nerve repairs were not performed by the same surgeon. In addition, subjective symptoms such as cold intolerance, hyperalgesia, and pain, which may affect activities of daily living of the patients, were not studied.
In conclusion, our results showed that digital nerves can be repaired successfully by end-to-end epineural suture technique without tension. However, older age, smoking, and concomitant tendon, bone, and vascular injuries may negatively affect sensory nerve recovery.
Conflicts of Interest:
No conflicts declared.
